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CHAPTER I 
INTRODUCTION 
The problem of the developing nervous system in relation to its 
peripheral fields have been attacked* One of the first to approach the 
problem was Miss Shorey(*09). Her work dealt with the unilateral ex¬ 
tirpation of the limb bud of chick embryos with electro cautery* The 
results of these experiments showed that hypoplasia of the spinal gang¬ 
lia, the anterior and posterior horns of the spinal cord, as well as 
the spinal nerves ocourred on the operated side* She concluded that the 
peripheral field exerts marked influence upon the developing nervous 
system. 
Detwiler did extensive work on this problem* He performed many ex¬ 
periments on the urodele amblystoma* His work involved changing the 
peripheral field by adding or subtracting embryonic structures* His 
results showed that upon changing -the peripheral field the spinal gang¬ 
lia showed hypoplasia after extirpation and hyperplasia after addition to 
the peripheral field* The spinal oord, when examined after removing and 
overloading the field, showed no such radical changes* The conflicting 
results of Shorey and Detwiler showed that different systems must operate 
in different forms during development of their nervous systems* 
HamburgerO34) made unilateral limb bud extirpations on chick embryos* 
His results confirmed the work of Shorey* 
Factors governing the reaction of the nervous system to the removal 
of its peripheral field have been discussed by Detwiler and others. These 
faotors appear to be from two sources: (1) an intraoentral controlling 
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factor and (2) influences from the peripheral field. 
3his particular series of experiments were performed to study the 
effect on the brachial region of the nervous system after removing its 
peripheral field by using irideotomy scissors. The protargol method of 
staining was used. 
CHAPTER II 
REVIEW OF LITERATURE 
Studies on the factors involved in the development of the nerve cord 
have been made. Ihese were done by removing the peripheral fields of the 
region to be studied or by adding to the peripheral field the primordial 
end organ of donor embryos to the flank of host embryos of the same age 
and stage of development. 
There is an abundanoe of evidenoe which supports the importance of 
peripheral fields as factors that effect the developing central nervous 
system. Braus (’06) probably was the first to attempt extirpation experi¬ 
ments. He removed one of the «ulterior limb buds of several toad larvae 
at a period prior to the outgrowth of the brachial plexus and found that 
idle plexus in the larvae ten days after operation was as well developed 
as the normal and that no reduction in the sise of the ventral horn areas 
could be detected. Observation, however, on the operated larvae which 
were kept alive until just before metamorphosis showed that the braohial 
plexus was reduced in size as well as idle ventral horn areas which would 
ordin^ily supply the limb. Durken (*11), May (’30, *33, *37) and Stultz 
(’42) performing the same type of experiments obtained simileir results in 
their work with anurans. 
Extirpation experiments on limb primordia in urodele amphibians by 
Detwiler ('20 and *24) yielded different results. Although these experi¬ 
ments were similar to those performed by Braus (’06), Durken ('ll) and 
Stultz ('42) a hypoplasia of the motor neurons was not obtained. 
Shorey ('09) with electro cautery, exoised the limb anlagen of ohiok 
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embryos and obtained results that oonfirmed the observations on anurans. 
Hamburger (’34) oonfirmed completely the work done by Shorey. He 
found after extirpation of the wing bud of ohick embryos of 48-72 hours 
a hypoplasia of 21-61$ in the anterior lateral horn cells within 5-6 days 
after operation. 
Limb bud extirpation experiments in anurans and ohick embryos have 
shown that the peripheral areas, while they grow, exert a oontrol over 
the development of both sensory and motor components of the nervouse sys¬ 
tem. The situation is particularly clear in chick embryos which possess 
well differentiated lateral motor columns. Wing bud extirpations in 
stages proceeding the outgrowth of nerves into the primordia result in a 
hypoplasia of the lateral motor oolumn of the brachial level amounting up 
to 60$ according to Hamburger and Keffe (’44). 
Beuker (’43) extirpated the hind limb primordia of ohiok embryos and 
obtained results which are in accord with Hamburger (’34). Following the 
removal of the hind limb primordium hypoplasia in the lumbo-saoral motor 
oolumn was 90$ and reduction in the spinal ganglia resulted. 
CHAPTER III 
MATERIALS AMD METHODS 
Embryos were first obtained from at least three varieties of ohiekens, 
Rhode Island Reds* Barred Rooks and White Rooks* Later* since the data 
obtained in these experiments would be more oorreot if but one type of egg 
was used* eggs from White Rook ohiokens were used exclusively* After no¬ 
tations such as date and hour were recorded* the eggs were plaoed in boxes 
with small oompartments arranged so that one egg would fit into eaah* 
Obese were then plaoed in an inoubator made by the Precision Soientifio 
Company* Chioago* Illinois, Serial Number $6M-1066, which was adjusted at 
39°C* Proper humidity was assured by placing a pan of moist sand in the 
inoubator. The eggs were rotated morning and late afternoon daily in order 
to prevent the embryo from adhering to the egg membrane. One or two dozen 
eggs were incubated for from 68-72 hours and this would constitute a series. 
All instruments and glassware were washed with soap and water, rinsed 
well and allowed to dry in air before the experiments were begun. All in¬ 
struments and glassware were wrapped in heavy brown paper and sterilized 
with dry heat by baking them in an oven before each operation. Normal sa¬ 
line was plaoed in an Erlemeyer flask* the mouth of which was plugged with 
cotton. The flask containing the normal saline was sterilized. All in¬ 
struments, glassware and saline were kept warm during the operation by 
keeping them in a small inoubator. After each operational period all in¬ 
struments were washed in 95^ aloohol. The glassware was treated as before 
so that it along with the instruments would be ready fbr sterilization at 
the next time of operation. 
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The operations were carried out essentially according to the method 
described by Hamburger (*34). Hie egg shell was sterilized with an alco¬ 
holic iodine solution by passing ootton saturated with the solution over 
the surfaoe to be opened. A three cornered file was used and a square of 
about one centimeter was oarefully made in the shell without injuring the 
membrane. All eggs were treated this way and returned to the incubator. 
The base of a binocular disseoting microscope was removed. The 
source of light was by a 500 watt Eastman photo projection spot lamp which 
was directed direotly upon the embryo. The egg was placed in a small Syra¬ 
cuse watch glass which had its bottom covered with sterile ootton and 
plaoed on the stage of the disseoting miorosoope. The square of the shell 
was removed and plaoed in a sterile Syracuse watdh glass. The shell mem¬ 
brane was teased away from the shell in su oh a fashion that a margin of 
the membrane was left long enough so that it would more than oover the 
opening left in the shell. After the membrane was pulled back the embryo 
oould be seen. Fine watchmakers foroeps were used to make a slit in the 
amnion to make it possible to get to the limb bud. The limb bud was re¬ 
moved with as little manupulation as possible by sharp iredectomy scissors. 
Care was taken that the posterior oardinal vein which lies just ventral to 
the site of the limb anlagen was not pieroed. If the vein was pieroed 
death of the embryo invariably resulted. After the operation, the margin 
of the shell was replaced and sealed by brushing melted paraffin around 
its edges. The egg was then plaoed in the incubator and allowed to con¬ 
tinue to develop through the eighth day. 
On the eighth day of inoubation the embryos were examined. All 
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embryos were stained aooording to the technique suggested by Bodian (’36) 
and modified ty Reddiok (*44)• The procedure followed is given here* 
Ihe tissue was fixed in a modified Bouin* s solution consisting of* 
75% saturated piorio acid, 10% formalin (40%), 1% glacial acetic acid and 
1% urea. After washing out the Bouin with 70%, aloohol the embryo was de¬ 
hydrated in aloohol and cleared in oil of Bergamot. The embryos were em¬ 
bedded in paraffin and sectioned at 10 microns. The following sohedule 
was used for staining: 
1. After passing the slides through xylol and a graded series of 
aloohols, they were placed in a 1% protargol solution in which a 
oopper plate had been placed. Hxe slides were kept in this so¬ 
lution from 18-24 hours at 37°C. 
2. They were rinsed in distilled water and placed for ten minutes 
in a solution containing: 
1 gm - Hydroquinone 
5 gm - Sodium Sulfite 
100 oc* s - Distilled water. 
3. They were rinsed three times in distilled water. After this 
treatment the seotions were light brown in oolor and when exam¬ 
ined under the microsoope, no differential staining could be noted. 
4. Eaoh slide was differentiated separately through the following 
solutions: 
a. They were placed in a 1% gold chloride solution, 
to which 3 drops of aoetio aoid had been added, until 
seotions were white. 
b. After rinsing in distilled water, they were plaoed in a 
2% oxalic aoid solution and examined at intervals under 
■the mioro scope. VJhen the nerve fibers began to appear, 
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and cellular details desired were obtained, they were again 
rinsed in distilled water and plaoed in a 5% solution of 
sodium thiosulfate fbr ten minutes» 
o* After rinsing in distilled water, they were passed through 
the series of sloohols to xylol and mounted in a mixture of 
olarite and balsam» 
CHAPTER IV 
RESULTS 
217 complete operations were performed. Six specimens lived through 
the operation and up to the eighth day of inaubation. Over 95% died after 
operation. Deaths due to infection were almost nil, only six oases were 
recorded. Deaths due to other factors such as changes in temperature, 
over exposure after operation, and serious damage to the amnion beyond re¬ 
generation were considerably small. The high mortality rate was attribu¬ 
ted to the operative stook, fbr not only did the operated animals fail to 
survive; but the controls did not always live through the eighth day. 
Further work with good operative stock must be oarried out before definite 
conclusions concerning the effectiveness of using iridectomy scissors fbr 
tie removal of the wing bud can be given. 
An examination of five of the animals operated on and disoussed be¬ 
low showed that they had undergone normal development exoept for the ab¬ 
sence of the right limb* The other surviving animal apparently had under¬ 
gone abnormal development. This case, specimen SO4, was much smaller than 
the others and had an abnormal flexure that caused it to become consider¬ 
ably folded upon itself ventrally. Exoept for this flexure and the absence 
of the right limb no other external defects were seen in the animal. 
The wing level of the spinal cord is of interest in -this study. The 
sympathetic system and higher levels of the oentral nervous system have 
not been examined. 
According to Hamburger (*34) a oross section through the wing level 
of a normal eight day chick embryo allows one to distinguish four different 
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areas* (l) an anterior hornj (2) a posterior horn; (3) the mesial motor 
group; and (4) a median part. The areas are sharply delimited due to 
differences in their size and the number of cells within these distinct 
areas. (Fig. l). 
Mierosoopio examination of the brachial region in the experimental 
animals were made* All of the animals showed hypoplasia to some extent, 
in the cord, in the spinal ganglia and in the size of the dorsal and ven¬ 
tral nerves on ihe operated side. Three of the experimental animals will 
be discussed below. 
JA4. A cross seotion through the brachial region of the cord of 
this animal reveals that hypoplasia has occurred on the operated side. 
This animal shows only a slight reduction in the size of the anterior and 
posterior horns of the oord and of the spinal ganglia. The dorsal and 
ventral nerve roots show some reduction in the number of fibers. (Fig 3). 
SC6. A cross seotion through the wing level of this experimental 
animal shows that considerable reduction has occurred on the operated 
side. The anterior and posterior horns of the operated half of the spinal 
cord exhibits marked hypoplasia. A comparison of the size of the spinal 
ganglion on the normal with that of the operated side shows that there is 
a great reduction in the size of the ganglion on the operated side. (Fig. 2). 
The spinal ganglion on the unoperated side is almost twice as large as that 
on the operated side. 
GB10. This speoimen shows typical hypoplasia of the spinal ganglia in 
the operated area. The spinal cord could not be studied due to poor dif¬ 
ferential staining. 
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Qhe size of the ganglia and the volume of muscles removed in these 
experiments were not measured. Eie photomicrographs show that the condi¬ 
tions described are present. Compare the photomicrograph of the normal 
embryo with those of the experimental animals. (Figs. 1-3). 
CHAPTER Y 
DISCUSSION 
Analyses have shown that in urodele amblystoma and ohiok embryos dif¬ 
ferent factors oontrol the growth and differentiation of the spinal cord. 
An anterior motor horn is established in the chick embryo as early as the 
fifth day of incubation according to Barron (’48), whereas no anterior 
motor horn oan be distinguished in amblystoma. According to Hamburger 
(•34) this absence of an anterior motor horn in amblystoma may be a factor 
that causes a difference in the reaction of the two systems. He also 
fbund that reduction in the spinal oord was in direot proportion to the 
degree of destruction of the peripheral musculature. He also suggested 
that in oases of maximum muscular loss, the formation of 4=0% of the motor 
neurones was probably due to the influence of intraoentral longitudinal 
fiber tracts. 
Detwiler in his extirpation experiments on amblystoma, in which the 
spinal cord showed no change when limb buds were added or subtracted, sug¬ 
gested that intraoentral longitudinal fibers or some other intraoentral 
i» 
factors governed growth and differentiation of the spinal oord. 
Oppenheimer ('42) studied the paths of supernumerary Mauthner’s fibers 
in Fundulus embryos. According to Oppenheimer the time at whioh the out¬ 
growing fiber attains its final path, together with the direction of its 
preliminary outgrowth may aid in regulating whether or not the fibers will 
decussate. The factors may be operative under both normal and experimental 
conditions, decussation occurring only if fibers reach the decussation 
level at a time specifically related to the occurrence of the particular 
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events of the level. These events, she suggests, may be due perhaps to 
the median longitudinal fasciculus or other neighboring structures. 
Beuker (’43) studied the intraoentral and peripheral factors that were 
suggested to exert control on the growth and differentiation of the spinal 
oord of chick embryos. He performed four sets of transplantation experi¬ 
ments in whioh he placed the lumbo-sacral region in the ooelom of the host 
embryo and allowed it to differentiate. In this way the influence of inr- 
traoentral fibers or other factors were eliminated. He also performed 
unilateral extirpation experiments on leg primordia. He concluded that 
the peripheral limb field was important in that it effects the differentia¬ 
tion of neurones in the lateral ventral ooraumn. His findings showed no 
evidence of influences from long descending or asoending fiber tracts. 
Barron (* 43) suggested that an undifferentiated cell in the neural 
tube might be induced to begin its differentiation through proximity to a 
growing neuroblast* Barron ('44) suggested that there is an association 
in spaoe and time between'“the arrival of collaterals of the dorsal funi¬ 
culus into the mantle layer lateral to the suleus limitans and "the onset 
of differentiation in oertain of the indifferent cells in that region. 
Barron (*45) working on sheep embryos excised the fbrelimb to test 
the probability of hypoplasia in an area if the normal number of processes 
fail to invade a region of the spinal oord. The results showed a neurone 
hypoplasia in the brachial region. This reduction appeared to be due to 
the failure of the normal complement of fibers to enter the brachial re¬ 
gion from the spinal ganglion. 
Barron (’48) extirpated wing buds of chick embryos of 72 hours. He 
observed no effect on subsequent development and differentiation of tiie 
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spinal oord until the fifth day of incubation» Thereafter, in the ab¬ 
sence of the wing bud, there is a reduction in the number of primary 
neuroblasts that beoome bipolar, ftie results suggest that the axon of a 
unipolar motor neuroblast by establishing contact with peripheral elements— 
in this case myoblasts—enables that neuroblast to proceed its development. 
The results given in our experiments show that development of the 
spinal oord is sensitive to a change in the peripheral field. Our results 
are comparable with those of Shorey (’09), Hamburger (’34) and Barron (’48) 
in that hypoplasia is obtained in all oases when the peripheral field is 
reduced. 
As stated in the introduction, our problem does not deal mainly with 
factors involved in the change in the spinal cord. The experiments re¬ 
ported include the effect of a different instrument and a different method 
of preparation of the material for study. 
Irideotomy scissors with good operative stock may well prove to be 
the best instrument available for removing limb primordia of chick embryos. 
The protargol method of staining gave excellent results. The cellular de¬ 
tails are enhanced and its affinity for nervous elements makes it very use¬ 
ful for studying nervous structures and preparations. 
The results of the experiments supports the hypothesis set forth by 
Hamburger ('34), Beuker ('43), Barron ('44 and ’45), and Barron (’48). 
CHAPTER 71 
SUMMARY 
1. The experiments described here are in accord with those per¬ 
formed by Shorey (’09), Hamburger ('34), and Barron (*48). 
2. Hypoplasia of the brachial region is eidiibited in the anterior 
and posterior horns of the spinal cord, the spinal ganglia and 
the dorsal and ventral roots of the spinal nerves when the 
limb primordium of the region is removed. 
3. Hie faotors involved in this reduction appear to be located 
in the peripheral fields. 
4. Iridectomy scissors may be used for limb bud exoisement in 
embryos of the chick. 
5. Hie protargol method of staining as suggested by Bodian (’36) 
and modified by Reddick (’44) can be used with good results 
for studying nervous tissue. 
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• (Specimen. GB18) Cross section of the wing level of 
a normal eight day chick embry. Photomicrograph 
show that the spinal ganglia and the right and left 
halves of the spinal cord are equal. Note that 
anterior and posterior horns are quite evident. 
. (Specimen S05) Cross section through the brachial 
region of an experimental case showing a difference in 
the size of the right and left spinal ganglia and the 
right and left halves of the spinal cord. Definite 
hypoplasia can be seen in both the spinal ganglion, 
and the anterior and posterior horns of the spinal cord 
on the opposite side. 
. (Specimen JA4) Cross section through the brachial re¬ 
gion of an experimental oase showing hypoplasia in the 
spinal ganglia, spinal cord and dorsal and ventral roots 
of the cord on the operated right side. 
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PLATE 1 
EXPLANATION OF FIGURES 
All figures are photomicrographs 
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